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S U M M A R Y  

Geometric o p t i c s  methods are appl ied  t o  find t h e  t r a j e c t o r i e s  
or" r a y s  in a cone-shaped ionioed wake, in which the  concentrat ion of 
f r e e  e l e c t r o n s  depends on the  coordinates  r, 8. The v a r i a t i o n  i n  t h e  
d e n s i t y  of f l u x ' s  energy in t h e  d i r e c t i o n  of t h e  ray ,  having passed 
a c r o s s  t h e  ion ized  medium is  a l s o  determined without t ak ing  i n t o  account 
t h e  energy in t h i s  medium. 

8 * *  
When an ion ized  poin t  source moves in t h e  atmosphere, t h e r e  forms 

behind i t  a wake ,  i n  which the  d i s t r i b u t i o n  of t h e  concentrat ion of f r e e  
e l e c t r o n s  is  dependent on two coordinates ,  The concent ra t ion  of f r e e  e lec-  
t rona  gradual ly  decreases  along its axis, approaching zero. In cross sec- 
t i o n s  i t  has  i ts maximum value on the  axis and i t  decreases  toward the  
wake's boundary t o  zero. I n  order t o  es t imate  the  inf luence  of  f r e e  e l ec -  
t rons ,  emerging i n  the  w a k e  under the  a c t i o n  of the  i o n i z a t i o n  source,  on 
t h e  propagation of radiowaves , w e  may p o s t u l a t e  that the  v a r i a t i o n  of 
t he  concent ra t ion  of f r e e  e l e c t r o n s  in w a k e ' s  c r o s s  sec t ion  takes  place 
p ropor t iona l ly  t o  (eo2 - W), where 00 

of t h e  wake, and along the  w a k e  i t  t&es  p lace  p ropor t iona l ly  t o  ro2, 
where r i s  the  d i s t ance  from the source t o  t h e  poin t  considered on wake's 
axis .  The wake has  a shape of a cone with t h e  source a t  its sumit. In 
order t o  s impl i fy  the  ca l cu la t ions ,  we s h a l l  discount  i n  t h e  fol lowing 
the  s o u r c e ( s  motion; in o the r  words, w e  s h a l l  determine the  t r a j e c t o r i e s  
of r a y s  in a f i x e d  ion ized  cone wi th  the above-indicated concentrat ion of 
f r e e  e l ec t rons .  

is the  coordinate  de f in ing  the  boundary 
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2. 

The choice of t he  dependence of t he  concent ra t ion  of f r e e  e l e c t r o n s  
a long  t h e  axis of the  wake i n  the form ro2 is determined by the  condi t ion  

of s e p a r a t i o n  of c u r v i l i n e a r  coord ina tes  in the  e ikona l  equation. I n  t h e  
wake's c r o s ~  s e c t i o n  the  choice of de-?endence on 8 of e l e c t r o n  concentra- 

t i o n  may be r a t h e r  a r b i t r a r y .  

Fi:. 1 / 

# 1. - TRAJECTORIZS OF RAYS. 

I n  a s$ ie r i ca l  system of coord ina tes  ( r , (P .O) ,  of which t h e  o r i g i n  
co inc ides  wi th  the  summit of the  cone r,nc< the axis Oz is d i r e c t e d  along 
the  axis of t he  w a k e  (Fig. 11, the d i s t r i b u t i o n  of e l e c t r a n  concent ra t ion  
has t he  form 

where 8, i s  the  coor6inate  of  wake's bound,?ry. Since thc w&e is z;iL7>-i:l1etric 
N(r,V, 8) Coes not  ciepend on q, t h a t  is, N(r,cp, e )  = N ( r ,  0). 

The r e l a t i v e  d i e l e c t r i c  constant  of iAie i c ; l i z o i  wake is 

(2) 4ne2No (802 - e2) ro2 

Within the  bounds of g e o w t r i c  o p t i c s  t he  motion of an electrornagne- 

m(02 + v2)+ -62' e r = l -  

t i c  wave i n  an ion ieed  wake is determined with the  h e l p  of a family of 
equiphasa l  s u r f a c e s  perpendicular  t o  the  r ays .  These s u r f a c e s  L-const  



, 

3. 

s a t i s f y  the nonl inear  d i f f e r e n t i a l  equat ion (1, 21 

(VL)a - na, na - 6p (3) 

I n  t h e  or thogonal  c u r v i l i n e a r  system of coordinate6 (q  , q  , q3) 1 2  
t h e  e ikona l  equat ion may be represented in the  form 

where hl, h2, h3 are Land coe f f i c i en t s .  

as fo l lows :  

In s p h e r i c a l  coord ina tes , (3) , tak ing  i n t o  account (21, can be w r i t t e n  

where ( 5 )  

The genera l  i n t e g r a l  of ( 5 )  may be cons t ruc ted  by t h e  method of 
v a r i a b l e  sepa ra t ion ,  p o s t u l a t i n g  

I n t e g r a t i n g ,  we s h a l l  have 

The t o t a l  i n t e g r a l  of (5) is equa l  t o  the  sum of i n t e g r a l s  (7), 
which depend on three cons t an t s  al, a2, a3; a t  the  same time from a 3 a d d i t i v e l y  

L = g(r ,  9, 8, ai, a2) + as. (8) 
According t o  t h e  Jacobi theorem c2], wher. t h z  so1u:ion 0:- the  eikonal 

equat ion is known, t h e  corresponding family o€ r a y s  is determined by the  
e q u a l i t i e s  

( i  = 1, 2), (9) 
a 

aac 
-w1 9, e, uIl az) = cr 

where a , a , C1 and C2 are a r ’ i t r a r y  cons tan ts ,  de f in ing  any two p o i n t s  1 2  
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through which the ray passes ,  o r  the poin t  crossed by the  r ay  i n  the  given 
d i rec t ion .  

Taking i n t o  account (7) and e f f e c t i n g  the  d i f f e r e n t i a t i o n  of ( 9 ) ,  we 
we shall ob ta in  a system of equations determining the  corresponding family 

o f  r a y s  

We shall s e l e c t  the  constants  C1 and C2 
t h e  point Ro, (pb, 00 lay on the  ray. Consequently, 

from t h e  condi t ion t h a t  

o r  

The system of equat ions (10) def ines  the  t r a j e c t o r i e s  of the  rays 

passing through t h e  poin t  po(Ro, qol eo) The d i r e c t i o n  of the ray's motion 
a t  t h a t  po in t  is  given by the constants  a 
t h e  cons t an t s  a land a2, it is necessary t o  ass ign  the  plane wave f r o n t  
equation f o r  the wave inc iden t  upon the  ionized wake, or t h a t  of an a r b i t r a r y  
ray normal t o  t h a t  plane. Of t he  aggregate of rays def in ing  the  plane wave 
t h e  remaining ones w i l l  be co l l i nea r  with them. The plane, normal t o  the  
c e n t r a l  ray, is the wave f r o n t  plane. It is always poss ib le  BO t o  s e l e c t  
t h e  system of coordinates t h a t  the axis of the  wake and the  c e n t r a l  r a y  
l a y  in t he  plane E. 
and the  f r o n t  plane equation may be w r i t t e n  i n  the  form 

and a2. I n  order  t o  determine 1 

Then t h e  axis 02 w i l l  be p a r a l l e l  t o  t he  wave f r o n t  

Ax + Cz + D 4 0. (11) 
The equation f o r  the ray passing through t h e  point  P (xo, yo, e,) 

lying i n  the plane of the  wave f r o n t ,  may be w r i t t e n  as fo l lows :  

(5--0) / A  = (2 - 20) lC,  y = go. 



The i n t e r s e c t i o n  of t h i s  ray wi th  the  c o n i c a l  sur face  of t h e  wake ,  
having for equat ion 

z ~ ~ e o = ~ + y z ,  

w i l l  t ake  p l ace  a t  the  po in t  Po, of which the  coord ina tes  a r e  determined 

fron t h e  system of equat ions 

(z- zo) / A  = (2 -q) IC, z w e o =  ~ 2 +  P, Y = go. 

Resolving t h e  system of equat ions and pass ing  t o  s p h e r i c a l  coordi-  
na t e s ,  we s h a l l  obtain 

Thus, we have found the  coordinates  of t he  poin t  at wake's sur face ,  

from which the  r a y  propagates  in s ide  the  wake i n  a nonuniform medium. 
The vec to r  T equat ion i n  a s p h e r i c a l  system of coord ina tes ,  when 

t h i s  vec tor  is tangent  t o  ray t r a j e c t o r y a t  an a r b i t r a r y  poin t  i n s i d e  t h e  
the  wake, is thendetermined as the  v e c t o r i a l  product of func t ion ' s  F (1) 

grad ien t  

and func t ion ' s  grad ien t  

Consequently, 

BpCi) 8F(S B P I )  8Fu) 
er - rsine- -ecp + r -  - ee. (12) 

a m  ~ r n  
6% acp dr ae ar a9 

T=--- 

A t  t he  poin t  Pb the  vector  T must  be c o l l i n e a r  with t h e  i n c i d e n t  

ray ,  of which the  u n i t a r y  vec to r  i n  the  s p h e r i c a l  system of coord ina tes  may 
be represented  in t he  form 

w= -(cos a sin 8 cos cp +- cosy cos €))e, + cos a sincpecp - 
- (COS a cos cp cos 8 - cos y sin O)ee, (13) 

where 



The vec to r s  of T and 80 at the  po in t  Po are co;Uinear if 

,'ai2 sin2 00 - a22 
,'I?$ - ai2 sin eo 

a2 

,'ai* sin2 80 - a22 

cos aicos cpo coseo - cos y sin 0 0  

cos a cos cpo cos 00 + cos y cos 00 
cos a sin (PO , 

cos a cos cpo COS 00 - cos y sin 00 

-, - 
(15) - - 

Resolving the  system of equations (15) r e l a t i v e  t o  unknowns al and a2, 
we s h a l l  have 

where 

ai* = R2[cos2 a sin2 TO + (cos a cos cpo cos 8 0  - cos y sin / E, (16) 
(17) = Ro2 cos2 u sin2 cpo sin2 82 / E,  

E = (cos a cos 90 cos 80 + cos y cos 80) 2 + cos* a sin* (pa + + (oosu COB c p ~  cos 80 - cosy sin cop. 

L e t  us s tudy  t h e  t r a j e c t o r i e s  of r a y s  inc iden t  upon the ionized wake - 
in t he  plane 'p=cp0=0 a t  f u r t h e r  length.  In this case, first of a l l ,  a t  
the above made observat ions on the system of coordinate s e l e c t i o n  

a + y = n / 2  (18) 

and, secondly, according t o  (16) and (171, the  q u a t i t i e s  al an2 a2 
r e s p e c t i v e l y  equal t o  

m e  

ai =Rosin ( y  -&), crt = 0. 
I (19) 

Consequently, the t r a j e c t o r i e s  of rays i n  the wake are determined by 
the  f i r s t  equation of the system (10). 

- 
and they  too l i e  i n  the  plane cp = cpo 7 - 0 .  
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The tangent of the angle  between the  tangent t o  the  r a y  ak the  
a r b i t r a r y  poin t  i n s ide  the w a k e  and t h e  radius-vector r may be determined 

from (141, but i n  the given case i t  is simpler t o  f i n d  i t  from (20); 

(22) 
de tgH - r -  lai* - byeo' - e*)/fr - (e,? dr 

Analysis of (21) shows t h a t  when the  tangent t o  the r a y  coincides  
w i t h  the radius-vector  ( t g  H = O), t he  condi t ion 

up = byel?- ez), ( 2 2 )  

must be sa t i s f ied ;  t h i s  condi t ion determines the coordinate  of t he  point  of 
rag's r o t a t i o n  i n  the w a k e  as a funct ion o f i i i econcen t r a t ion  of f r e e  e lec-  
t r o n s  i n  i t  and of i t s  geometric dimensions. It follows from (22) t h a t  t h e  

r o t a t i o n  of the r a y  takes place at wake boundary e=&, when t h e  concentrat ion 
of f r e e  e l e c t r o n s  on wake's boundary inc reases  t o  i n f i n i t y  (bz,too,).The radius-  
vec to r  of the poin t  a t  which r a y ' s  r o t a t i o n  t akes  place a t  tp+= is, accord- 

i n g  t o  (201, equal  t o  R,. Consequently, the  r e f l e c t i o n  of the r a y  from the  
boundary of the wake takes place i n  t h i s  case as if it  were from a m e t a l l i c  
surface.  If 

coordinate  81 is  determined by the equation 

eta = 002 - a;=/ P. 

P < = ,  t h e  r a y ' s  r o t a t i o n  t akes  place a t  t h e  poin t  of which the  

I (23) 
The coordinate  r1 of t h i s  po in t  i s  Getermined a f t e r  i c t e g r a t i n g  (20) 

and s u b s t i t u t i n g  (23) in the  expression obtained a f t e r  t he  i n t e g r a t i o n  

When 81= 0, the  r a y  is r e f l e c t e d  from the axis of the wake and the  
condi t ion (22) has the  form 

ai2 = o r  Bo2 sin2 (y - 00) = b2002. ( 2 5 )  

Therefore,  f o r  the given concentrat ions of f r e e  e l e c t r o n s  and w a k e  

widening (angle  eo), t he  r a y s  w i l l  pass through t h e  w a k e  only a t  q u i t e  spe- 
c i f i c  values  of Ro and 
t o r t i o n .  A s  they d r i f t  away from w a k e ' s  pole,  the  d i s t o r t i o n  of the  r a y s  
decreases,  which is easy t o  e s t a b l i s h  according t o  (21) and t ak ing  i n t o  
account (20). 

The r a y s  having crossed t h e  wake undergo d i s -  
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The expression (21) allows t o  f i n d  the  angle H between the radius-  

vec to r  and the  ray at  the poin t  of r a y ' s  incidence on the boundary of the  
wake as w e l l  as at the  poin t  P;(R~10,80),where the ray 
boundary when emerging from it. In t eg ra t ing  (20) ,  we f i n d  the  value of R2 

c rosses  the  wake's 

S u b s t i t u t i n g  (26) i n t o  (2119 we s h a l l  determine the an;l.e H2 at 
t h e  poin t  P2 

where Bo is t he  angle between the radius-vector  and 
point.  

(27) 

the  r a y  k t  incidence 

It f o l l a w  from (27) t h a t  I&l#dla~l. ;&en the  concentrat ion of f r e e  
e l e c t r o n s  on the  a x i s  of t h e  wake incr:tAL:es, the angle 1H21=1H01 and 
wi th in  the  bounds \H~\-.\fiol at @-+OD. I T  the inc iden t  r a y  propagates along 
the  wake's boundary so t h a t  
This means t h a t  t he  r ay  propafates r ec t i l i nea r ly .  

=sin (V -00 )  -01 H2 = Ho i n  t h a t  case too. 

F i n a l l y ,  l e t  us f i n d  t h e  condi t ion a t  which the rad ioray ,  i nc iden t  
upon t he  wake, is r e f l e c t e d  s t r i c t l y  backward. Formula (21) def ines  the  
angle between the  tangent t o  r a y  t r a j e c t o r y  and the radiusdvector  of the 
point.  A t  the  poin t  P2 we must have Ha - -&+-IC. 

S u b s t i t u t i n g  H2 in (27) ,  we o b t a i n  

with,  a t  the  same time Ra=Ro. This e q u a l i t y  is f u l f i l l e d  whcn ';he r a y  
propagates i n  an  ionized medium pm puater values  of E t o  smaller  ones. 

in the  plane xoe (angle Ho = */ 2) 
We s h a l l  have H2 = - Ho + s 
That is why (28) is the  condition f o r  t he  mirror  r e f l e c t i o n  of t he  r a y  from 

the  ion ized  wake, i n  which the  concentrat ion of f r e e  e l ec t rons  v a r i e s  accord- 
i n g  t o  the  l a w  (1). In  t h i s  case the value of H o i s  determined from the  

e quat  ion 

I f  the inc iden t  r ay  propagates perpendicular ly  t o  cone's genera t r ix ,  
the  angle H2 w i l l  be smaller  than E/ 2. 

only when the e q u a l i t y  (28) is f u l f i l l e d ,  

./. 
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Therefore ,  when the  wake i s  i n v e s t i g a t e d  by r a d a r ,  i t  may be de t ec t -  
ed only  at i r r a d i a t i o n  from d i r ec t ion6  def ined by the  angles  of Ho 

i n g  t o  (29).  The wake mcy be observed i n  the  s p h e r i c a l  c i r o l e  def ined by 

A s  an example, l e t  us  f i n d  the  p o i n t s o f r e f l e c t i o n  of r ays ,  coplanar 

accord- 

0 0 s  Y < a/?+%. 

wi th  t h e  plane 3. To t h a t  effect  we s h a l l  determine the  angle  H between 
t h e  v e c t o r  9 ,  tangent  t o  r a y  t r a j e c t o r y  at an a r b i t r a r y  po in t  i n s i d e  t h e  
w a k e  and t h e  coordinate  plane i n  which l i e  the  o r t s  e, m d  e,. It fol lows 

from (12) and (10) t h a t  

When t g H = O ,  t h e  vec tor  T l i e s  in the  coordinate  plane of o r t s  
and e,; from t h a t  moment t h e  r a y  tu rns  and begins  t o  emerge from t h e  wake.  

The czord ina te  81 of t h e  r o t a t i o n  p o i n t  may be found from the  expression 

[ ai2 - b2 ( e 0 2  - e i 2 )  ] sin 01 - a22 = 0, 

which fo l lows  from (30). A t  0 i < € l 0 < r r / 2  
1 

2b2 (31). - ( e a b z - U i 2 ) [ i  +$I + 4 U z 2 b 2 / ( 8 0 2 b 2 - U a i 2 ) ] .  

Knowing el, we deteomine t h e  remaining two coord ina tes ,  t h z t  is, 

those of  t h e  r a y  r o t a t i o n  (ri,cpi) ~ c c o r d i n g  t o  equat ions (10). It i s  then 
necessary t o  bear in mind t % r t  i n  (10) we have 
the  choice of coordinote system. Since t h e  angle 8, is s m a l l ,  t'he i n t e g r a l s  
in (10) may be taken provided w e  pos tu l c t e  sin0 k: e .  Then 

- 
cpo=O at the  expense of 
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Upon t h e  s u b s t i t u t i o n  Qf t he  v a r i a b l e  e'== I s t h e  second i n t e g r a l  

may be w r i t t e n  i n  the  form 

Therefore ,  t h e  expressions (311, (32) and (33) de f ine  t h e  coordi- 
n a t e s  of  t h e  r o t a t i o n  po in t  of the  ray Fi(ri,cpi,ei)- Afte r  t he  r o t a t i o n  poin t  
t h e  r a y  w i l l  pass t o  t h e  boundary of the  wake  energing from It. The poin t  
of w a k e  surface's i n t e r s e c t i o n  by t h e  r a y  Pz(rt ,@,€iO) is determined by t h e  
system of equat ions  (10)  and the  equat ion  8 = 80 .  

d i r e c t i o n  of i n t e g r a t i o n  i n  (lo), and a f t e r  f a i r l y  simple t ransformations,  
we s h a l l  ob ta in  t h e  coord ina tes  of t he  po in t  

Taking i n t o  account the  

P2 
ai 

(34)  n=- 
COS& ' 

2b28l2 + aiz - 8o2b2 a1 Ql 

Bo b (2b fui2802 - 4- Oozbz ai2) 
&=arccos---h 

(35) (pz = 2Vi, ez = eo. 
A f t e r  t he  poin t  P2, the  ray is s i t u a t e d  beyond the wake and propc-  

g a t e s  r e c t i l i n e a r l y  i n  t h e  d i r e c t i o n  of the vec to r  T c  defined at the  po in t  

P2' 

#2. - DZNSITY VJRIATION OF ENERGY FLUX I N  THE PROPAGATION DIRECTION OF 
THE REFLECTED RAY 

The r a y  emerges from the  wake  at the  po in t  P2. The coor5 ina tes  of 
t h i s  po in t  in the  r ec t angu la r  system of coord ina tes  a r e  

zz = a COS cpz COS 80, yz = ra COS vz sin 80,  zZ = rz COS eo. 

2 The o r t  p ro j ec t ion  of the r a y  a t  t h e  poin t  P may be w r i t t e n  i n  
t h e  r ec t angu la r  system of coord ina tes  in the  form 

- 
Tx = Tr sin 00 cos (pz - Tq sin (pz + TO cos (pz cos eo, 
Ty = Tr cos cpa + Tq cos cpz + Te sin cpz cos eo, 

TI = Tr cos eo - TO sin eo. 
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Since To i s  a u n i t a r y  vector ,  Tx, Ty, T, a r e  equal  t o  the  d i rec-  
t i o n  cos ines  of t he  vec tor  To I n  the rec tangular  system of aoordinates ,  
The equation of  the l i n e  passing through the  p o i n t  

t he  d i r e c t i n g  vec tor  To will be represented i n  the form 
P2 paral1elo;rise t o  

X - X a  y-&  2-20 
-=-=,- 

T, TU T, e 

This  l i n e  w i l l  c ros s  t h e  sphere having the center  a t  coordinate 
of which the coordinates  are determined by o r i g i n  at the p o i n t s  5 ,  P4 

the,  system of equat ions 

One of these  poin ts  i 6  the po in t  of observations. Its coordinates  

%a = -T,T,rz 4- [Tr2Tx2r22 + TX2@ - T,2r22sin2 80 + a r e  

+ $(TO sin ~ J Z  cos 80 + l'e COS (PL)~ + zZ]'4 

u s  =: (TU / T x )  (xi - ~ 2 )  + ' ~ 2 9  2s = ( T ,  / T x )  (ZJ - ZZ) + ZZ. 

Since the coordinates of the  point  P a re  known, t he  radius-vector 3 
of t h i s  po in t  i n  the v e c t o r i a l  farm is 

R = 5 3 i  + y3j + zak. 

The elementary area o f  the  r ece iv ing  device is  s i t u a t e d  a t  t h e  
i t  is so or ien ted  tha t  the d i r e c t i o n  of the  vec tor  normal t o  p o i n t  P 

i ts  sur face  coincides  with t h e  d i r ec t ion  of B. 
3' 

The f l u x  of energy through the elementary area dso cu t  ou t  on 
the  sur face  of t h e  inc ident  wave f r o n t ,  remains constant  wi th in  the l i m i t s  

of  t he  tube formed by the rays, passing along the  boundary of the element- 

ary a rea ,  provided we neglect  the l o s s e s  of electromagnetic energy in the  
ion ized  medium. The energy flux through d6, i s  

dzo duo 
cos a 

 so-, 

where i t  is  taken i n t o  account t h a t  the dens i ty  vec tor  of energy So f lux  

is c o l l i n e a r  t o  t he  vector  of the elementary a rea  bo. 
The second elementary a rea  i s  formed as a r e s u l t  of i n t e r s e c t i o n  



of t h e  tube of r a y s  by a sur face  perpendicular t o  vec tor  B(sphe re ) .  
If i n  t h e  plane of t he  inc ident  wave f r o n t  t h e  ray is  displaced 

i n  the d i r e c t i o n  of t he  axis the  r a y  r e f l e c t e d  from t h e  w a k e  w i l l  
a160 have i t w  d i r e c t i o n  changed. That I s  why t h e  vec tor  B w i l l  have an 
acc re t ion  (dR/dzO)dzo; 
along the  d i r e c t i o n  of the  axis 015% The elementary area ds at the  poin t  
of observation may be determined by the formula 

provided the inc iden t  ray s h i f t s  i n  the  f r o n t  plane 

The f l u x  of energy through t h a t  area is 

According t o  the  l a w  of energy conservation sodso = Sds,. Hence', t he  
energy flux dens i ty  a t  the point  of observat ion is 

Consequently, formula ( 3 6 )  allows t o  determine the  dens i ty  of 
energy flux for every ray having crossed the  iooized wake, provided we 
neglec t  the  energy absorption along i ts  t r a j ec to ry .  

In order t o  e s t a b l i s h  the d i r e c t  dependence of the  energy flux 
dens i ty  on the  d i r e c t i o n  of ray incidence,  on w a k e  geometry and on the  
coordinate8 of the  poin t  of observation, It is necessary t o  transform the  
sca l a r -vec to r i a l  expression emtering in ( 3 6 ) .  Inasmuch BE; t h e  module of B 
is  a constant  quant i ty ,  w e  have 

s = So / R' COS a To [ dro / dzo, at0 / duo] (37) 

where 

Expressing ro and To through t h e i r  p ro j ec t ions  on t h e  axis of the  
rec tangular  system of coordinates,  we s h a l l  ob ta in  

* @alogousJy B w i l l  have w i l l  have an acc re t ion  e . /  0 .  

(&I / d&)&o,,if - the  inc iden t  ray a h i f t s  from the  f r o n t  plane 
i n  the  d i r c e t i o n  of t he  axis sp. 
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(39) 

Thus, formula (39) allows us t o  compute the  energy f l u x  dens i ty  
i n  the  d i r e c t i o n  of t h e  vector  2, tangent t o  r a y  t r a j e c t o r y  a t  the  poin t  Q. 

& = 0 

Let us f i n d ,  as an example, the  re-emission pa t t e rn  of t he  wave 
plane by the  wake  i n  t he  plane 
It will r e f l e c t  toward the si t ie o f  the radar s t a t i o n  provided the  condi- 
t i o n  (28) is s a t i s f i e d .  I n  t h i s  case the  dens i ty  of energy f l u z  i n  t he  
d i r e c t i o n  toward the  radar s t a t i o n  may be found from t h e  fornula 

a t  r ada r  i r r a d i a t i o n  of the  wake .  

Since the  quan t i ty  aI = RosinHo = const, t he re  may be,  f o r  every 

s e l e c t e d  ray having R, =Rei, only one d i r e c t i o n  Hoi, i n  which t h e  wake 
may be de tec ted  by radar .  But from the  conjunction of r ays  forming a plane 

wave, we may s e l e c t  ROk i n  the s e c t o r  +eo 4 y < n /2-+ eo (0 < Ho < 
i n  such a way, t h a t  the  wake r e f l e c t s  i n t h e  d i r e c t i o n  HOk s t r i c t l y  bcck- 
ward. The dens i ty  of energy flux will i n  each case be determined by (40), 
where r 2 ( ( R ,  Oo<n, b is  l imi t ed  ( b  < a).!lhen b + & ,  the r a d a r  de t ec t ion  
of t h e  wake is  poss ib le  a t  sinHo+n/2. If b decreases,  t h e  r ays  a r e  not 
r e f l e c t e d  from t he  w a k e  a t  8O2b2- u2 < 0 ,  . 

/ 2 )  
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